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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a display device in which deterioration of 
the display element due to absorption of water is prevented and the 
"st ability of display for the lapse of time is good, and which has a 
sufficient life characteristic and is suitable for top face luminance. 

SOLUTION: The display device comprises a display element 13 provided on the 
substrate 11 and a sealing membrane 15 covering the display element 13. The 
sealing membrane 15 has a multi-layer structure that interposes, between a 
first low hygroscopic layer 15a and a second low hygroscopic layer 15b 
provided on top of the first layer, a high hygroscopic layer 15c made of a 
material having a higher hygroscopic property than the material composing 
those first and second layers. The display element 13 is, for example, an 
organic electroluminescent element, and the display light ' h* is structured 
to emit from the side opposed to the substrate 11. And the sealing membrane 
15 is structured to transmit the display light * h' . 
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Display Device 
(57) Summary 
[Object] 

The present invention provides a display device that prevents deterioration of a 
display element due to absorption of moisture and has favorable display stability over time 
along with a sufficient life property while being suitable for a top emission type. 
[Means for Solving the Problem] 

A display device has display elements 13 provided over a substrate 11 and a sealing 
film 15 that covers the display elements 13. The sealing film 15 has a multilayer structure in 
that a high hygroscopic layer 15c is interposed between a first low hygroscopic layer 15a and 
a second low hygroscopic layer 15b provided over the first low hygroscopic layer, wherein 
the high hygroscopic layer 15c is made from a material of which a hygroscopic property is - 
higher than a material of the first and second low hygroscopic layers. The display elements 
13 are, for example, organic electroluminescent elements and have a structure in that display 
light h is emitted through the substrate 11. Further, the sealing film 15 transmits the display 
light h therethrough. 
[Scope of Claim] 
[Claim 1] 

A display device comprising: 

a display element provided over a substrate; and 

a sealing film covering the display element, 

wherein the sealing film has a multilayer structure in that a high hygroscopic material 
is sandwiched between a first low hygroscopic layer and a second low hygroscopic layer, and 
a hygroscopic property of the high hygroscopic material is higher than a material of the first 
and second low hygroscopic layers. 
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[Claim 2] 

The display device according to claim 1, wherein the display element is an organic 
electroluminescence element. 
[Claim 3] 

The display device according to claim 1, wherein the display element emits display 
light through the substrate. 
[Claim 4] 

The display device according to claim 1, wherein the sealing film transmits display 
light emitted from the display element. 
[Detailed Description of the Invention] 
[0001] 

[Field of the invention] 

The present invention relates to a display device, and in particular, relates to a display 
device that is suitable for a top-emission type organic electroluminescence display. 
[0002] 
[Related Art] 

An organic EL element utilizing electroluminescence (hereinafter, denoted by an EL) 
of an organic material is formed using an organic layer, in which an organic hole transporting 
layer, an organic light emitting layer and the like are laminated, between an anode and a 
cathode. The organic EL element has been attracting attention as a light emitting element 
that can emit high-intensity light by a low voltage direct-current drive technology. However, 
in a display device using the organic EL elements (i.e., an organic EL display device), an 
organic layer of the organic EL element is deteriorated by absorbing moisture, which causes 
deterioration in luminance, instability of light emission of each organic El element and the 
like. Therefore, the display device using the organic EL elements has problems such as 
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degraded stability over time and short life. 
[0003] 

Therefore, in such a display device, as shown in a cross sectional view of FIG. 4, a 
pixel area 2, in which organic EL elements are arranged over a substrate 1, is covered with a 
sealing cap 3, dry air is filled inside of a space, and a moisture absorbing agent 4 is attached 
to an inner wall of the sealing cap 3 so as to prevent moisture from reaching the organic EL 
elements. 
[0004] 

[Problem to be Solved by the Invention] 

However, in the display device having the structure of which the pixel area is 
covered with the sealing cap 3 as show in FIG 4, the moisture absorbing agent 4 is attached to 
the inner wall of the sealing cap 3. Therefore, this structure can be applied to a transmissive 
display device in that display light h is emitted through the substrate 1. However, when this 
structure is applied to a top-emission type display device in that the display light h is emitted 
through both the substrate 1 and the sealing cap 3 opposite to the substrate 1, emission of the 
display light h is hindered by the moisture absorbing agent 4. Accordingly, the structure 
provided with the sealing cap 3 is not suitable for the top emission type display device. 
[0005] 

[Means for Solving the Problem] 

The present invention is made in view of the above problem. In an aspect of the 
present invention, a display device includes a display element provided over a substrate and a 
sealing film that covers the display element, wherein the sealing film has a multilayer 
structure in that a high hygroscopic material is sandwiched between a first low hygroscopic 
layer and a second low hygroscopic layer, and a hygroscopic property of the high hygroscopic 
material is higher than a material of the first and second low hygroscopic layers. 
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[0006] 

In the display device having such a structure, since the sealing film has the structure 
in which the high hygroscopic material is sandwiched between the first and second low 
hygroscopic layers, moisture passing through the second low hygroscopic layer is trapped in 
5 the high hygroscopic material underlying the second low hygroscopic layer. In addition, the 
moisture trapped by the high hygroscopic material is prevented from penetrating into the 
display element by the first low hygroscopic layer that is provided between the high 
hygroscopic material and the display element. Accordingly, moisture absorbed in the sealing 
film can be prevented from reaching the display element. 
10 [0007] 

[Embodiment Mode of the Invention] 

An embodiment mode of the display device according to the present invention will 
hereinafter be described with reference to the drawings. FIG 1 is an enlarged views of a 
relevant part of the display device for explaining the embodiment mode. FIG 2 is a plain 
15 view showing the overall structure of the display device. 
[0008] 

The display device as shown in FIG 1 and FIG 2 includes a plurality of display 
elements 13 that are aligned on a display area 12 (only shown in FIG 2) at a main surface 11a 
of a substrate 11 that is formed using, for example, a glass substrate or the like. A sealing 
20 film 15 is provided to cover the display elements 13. Also, a glass substrate 19 is attached to 
the surface of the sealing film 15 with resin 17 (only shown in FIG 1) so that the display 
elements 13 and the sealing film 15 are interposed between the glass substrate 19 and the 
substrate 11. 
[0009] 

25 In the case where the display device is of a transmissive type in which display light is 
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emitted through the substrate 11, the substrate 11 is formed using a transparent substrate such 
as a glass substrate. On the other hand, in the case where the display device is of a top 
emission type in which the display light h is emitted through the glass substrate 19 opposite to 
the substrate 11, a material of the substrate 11 is not limited to the transparent substrate. 
5 Further, the display device having the top emission type will be described below. 
[0010] 

The display elements 13 are, for example, formed using organic EL elements. The 
display elements 13 are arranged in a matrix form in the display area 14 (only shown in FIG 
2) over the substrate 11. 
10 [0011] 

Though not shown in the drawings, each organic EL element is formed by 
sequentially laminating a lower electrode, an organic layer and an upper electrode over the 
substrate 11. In addition, the upper electrode is formed using a transparent material here. 
Either the lower electrode or the upper electrode serves as a cathode that injects electrons in 

15 the organic layer, and the other serves as an anode that injects holes in the organic layer. The 
lower and upper electrodes are formed using suitable materials, respectively. Also, the 
organic layer at least includes an organic light emitting layer. The organic layer is formed by 
laminating an organic hole transporting layer and an organic electron transporting layer along 
with the organic light emitting layer in a predetermined order, if needed. In addition, though 

20 not shown in the drawings, a scanning line and a data line are formed by using the lower 
electrode and the upper electrode such that the organic light emitting layer of the organic EL 
element that is provided in a predetermined portion is forced to emit light. 
[0012] 

The sealing film 15 is formed over the substrate 11 while covering the pixel area 12 
25 in which the display elements 13 are provided. The sealing film 15 has a structure in that a 
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high hygroscopic layer 15c is interposed between a first low hygroscopic layer 15a and a 
second low hygroscopic layer 15b, wherein the high hygroscopic layer 15c is made form a 
material with a higher hygroscopic property than a material of the first and second low 
hygroscopic layers. The first and second low hygroscopic layers 15a and 15b are formed 
5 using a material having a hygroscopic property that is as low as possible within an allowable 
range of manufacturing process of the display device. A material that transmits the display 
light h emitted from the display elements 13 therethrough is used for the first and second low 
hygroscopic layers here. Similarly, the high hygroscopic layer 15c is formed using a 
material having a hygroscopic property that is as high as possible within an allowable range 
10 of manufacturing process of the display device. A material that transmits the display light 
emitted from the display elements therethrough is used for the high hygroscopic layer here. 
[0013] 

As a specific example, silicon nitride films are used as the first low hygroscopic layer 
15a and the second low hygroscopic layer 15b. A silicon oxide film is used as the high 
15 hygroscopic layer 15c. These materials for the low hygroscopic layers and the high 
hygroscopic layer exhibit different moisture contents depending on manufacturing methods. 
Generally, the silicon oxide film has a higher moisture content than the silicon nitride films. 
That is, the silicon oxide film has a feature of the higher hygroscopic property. 
[0014] 

20 For example, a moisture content of a silicon nitride film that is formed by plasma 

CVD (chemical vapor deposition) is 0.24 weight%. On the other hand, a moisture content of 
a silicon oxide film that is formed by normal-pressure CVD using TEOS (tetraethoxy silane) 
gas is 1.90 weight%. Also, a moisture content of a silicon oxide film that is formed by 
plasma CVD using TEOS gas is 0.60 weight%. Accordingly, it is known that the moisture 

25 contents of the silicon oxide films are higher than that of the silicon nitride film. 
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[0015] 

Therefore, the high hygroscopic layer 15c is formed using a silicon oxide film 
formed by normal-pressure CVD using TEOS gas as a material having a higher hygroscopic 
property. 
[0016] 

For example, the thickness of the first low hygroscopic layer 15a is set to be about 2 
to 3 nm, the thickness of the high hygroscopic layer 15c is set to be about 1 jxm, and the 
thickness of the second low hygroscopic layer 15b is set to be about 1 fim. 
[0017] 

Further, the high hygroscopic layer 15c may be formed using an organic material of 
which a moisture content is reduced by performing a baking treatment or the like after 
forming the layer within an allowable range of manufacturing process of the display device. 
Furthermore, the first and second low hygroscopic layers 15a and 15b, and the high 
hygroscopic layer 15c are not limited to have a singe layer, respectively. Alternatively, they 
may include plural layers, respectively. 
[0018] 

Next, the glass substrate 19 is attached to the surface of the sealing film 15 having 
the multilayer structure with the resin 17. This glass substrate 19 is positioned over the 
sealing film 15 through the resin 17 that is of a ultraviolet curing type. The resin 17 is 
irradiated with ultraviolet light through the glass substrate 19 and is cured to be attached to 
the sealing film 15. 
[0019] 

In the thus-manufactured display device, since the sealing film covering the display 
elements 13 includes the structure in which the high hygroscopic layer 15c is sandwiched 
between the first and second low hygroscopic layers 15a and 15b, when moisture in the 
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atmosphere intruding from an external portion passes through the second low hygroscopic 
layer 15b, the moisture is trapped in the high hygroscopic layer 15c underlying the second 
low hygroscopic layer 15b. In addition, the moisture trapped in the high hygroscopic layer 
15c is prevented from intruding into the display elements 13 by the first low hygroscopic 
layer 15a, which is interposed between the high hygroscopic layer 15c and the display 
elements 13. Consequently, moisture intruding into the sealing film 15 can be prevented 
from reaching the display elements 13. 
[0020] 

As a result, the display elements 13 can be prevented from being deteriorated by 
moisture, making it possible to stabilize a display characteristic of the display device and 
increase a life property. In addition, the display device has the structure in which the display 
elements 13 are covered with the sealing film 15 rather than the structure formed using the 
conventional technique where the pixel area is covered with the sealing cap as shown in FIG 
4. Therefore, this display device is suitable as a top emission type display device. 
[0021] 

In the above described embodiment mode, the structure in the case of applying the 
present invention to the top emission type display device is described. In addition, the 
present invention is applicable to a transmissive type display device in that display light is 
emitted through a substrate, and can provide the same effect. Also, this embodiment mode 
takes the display device using the organic EL elements, which are easily deteriorated when 
absorbing moisture, as the display elements 13, as an example. However, the present 
invention can be widely applied to display devices besides the display device using the 
organic EL elements as the display elements, making it possible to obtain same effect. 
[0022] 

Moreover, in the above described embodiment mode, the sealing film 15 with the 



10 English Translation of 2001*357973 
multilayer structure in which the high hygroscopic layer 15c is sandwiched between the first 
low hygroscopic layer 15a and the second low hygroscopic layer 15b is described. However, 
the present invention is not limited to a display device having the sealing film with such a 
structure. For example, a structure as shown in FIG. 3 can be employed. 
[0023] 

A sealing film 15' of a display device as shown in FIG 3 has a structure in that 
particulate hygroscopic materials with high hygroscopic properties are sandwiched between 
the first low hygroscopic layer 15a and the second low hygroscopic layer 15b, wherein the 
hygroscopic properties of the particulate hygroscopic materials are higher than the material of 
the first and second low hygroscopic layers. As such particulate hygroscopic materials 15d, 
for example, barium oxide (BaO), calcium oxide (CaO) and the like can be used. 
[0024] 

In this case, the size of the particulate hygroscopic materials 15 and the density 
thereof to be filled between the first and second low hygroscopic layers 15a and 15b are 
adjusted so as not to impair a light transmitting property of the sealing film 15' by the 
particulate hygroscopic materials 15d. For instance, after forming the first low hygroscopic 
layer 15a, the particulate hygroscopic materials 15d are evaporated on the first low 
hygroscopic layer 15a by resistive heating or the like. Also, the second low hygroscopic 
layer 15b that covers the particulate hygroscopic materials 15d is formed to have a thickness 
such that unevenness caused by the particulate hygroscopic materials 15d are covered with 
the second low hygroscopic layer 15b, completely. 
[0025] 

In the display device having the sealing film 15' with such a structure, the sealing 
film 15' covering the display elements 13 has the structure in which the particulate 
hygroscopic materials 15d with the high hygroscopic properties are sandwiched between the 
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first and second low hygroscopic layers 15a and 15b. Therefore, moisture intruding into the 
sealing film 15' can be prevented from reaching the display elements 13. As a consequence, 
the same effect of the display elements provided over the substrate 11 can be obtained as well 
as the above described embodiment mode. 
[0026] 

[Effect of the Invention] 

As set forth above, according to the display device of the invention, since the display 
elements are covered with the sealing film with a structure in which the high hygroscopic 
material is sandwiched between the first low hygroscopic layer and the second low 
hygroscopic layer, moisture can be prevented from reaching the display elements. This 
allows to provide a display device having favorable display stability over time and a sufficient 
life property along with a structure that is suitable for a top emission type, wherein 
deterioration of the display elements due to absorption of moisture is prevented. 
[Brief Description of the Drawings] 

FIG. 1 is an enlarged view of a relevant part of a display device of the embodiment 

mode; 

FIG 2 is a plain view of the display device of the embodiment mode; 
FIG 3 is an enlarged view of a relevant part showing an different example of the 
embodiment mode; and 

FIG 4 is a cross sectional view showing an example of the conventional technique. 

[Description of the Reference Numerals] 

11: substrate, 12: display element, 15 and 15': sealing film, 15a: first low hygroscopic layer, 
15b: second low hygroscopic layer, 15c: high hygroscopic layer, 15d; particulate hygroscopic 
material, h: display light 



